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Title of the Invention: ELECTRON BEAM HEATING 

VAPOR-DEPOSITION APPARATUS AND 
VAPOR-DEPOSITION METHOD 



(Page 2, left column, lines 1 — 28) 
[CLAIMS] 

20 [Claim l] An electron beam heating vapor-deposition apparatus, 
comprising: 

an electron beam generating mechanism that generates an electron 

beam; 

a vapor-deposition material holding part that holds a 
25 vapor-deposition material at a position irradiated with the electron beam; 

a cooling drum that is provided so that a part of an outer peripheral 
surface of the cooling drum is opposed to the vapor-deposition material 
holding part and driven to rotate by a driver; 

a film running unit that runs a film in a state of being wound 
30 around the part of the outer peripheral surface of the cooing drum; and 
a vacuum vessel that contains the electron beam generating 
mechanism, the vapor-deposition material holding part, the cooling drum, 
and the film running imit, 

wherein a gas introducing mechanism is provided that includes a 
35 nozzle opening into the vacuum vessel and can introduce a reactive gas from 
the nozzle into the vacuum vessel, and 
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the nozzle is configured so that a flow path of a reactive gas spouted 
fi:om the nozzle crosses a flow path of the electron heam that leads to the 
vapor-deposition material and then crosses a flow of vapor released fi:om the 
vapor-deposition material. 
5 [Claim 2] An electron beam heating vapor-deposition method, comprising 
the steps of- 

irradiating an electron beam onto a vapor-deposition material, while 
a film is rxm in a state of being wound around a portion of an outer 
peripheral surface of a cooling drum in a vacuum vessel, the 

10 vapor- deposition material being arranged so as to be opposed to the portion, 
so that metal vapor is generated firom the vapor-deposition material, and 
simultaneously introducing a reactive gas from a nozzle arranged in the 
vacuum vessel at a pressure of 1 x lO"^ to 1 Pa; and 

allowing a flow of the reactive gas to cross a flow path of the electron 

15 beam that leads to the vapor-deposition material, and then further allowing 
the reactive gas to cross a flow of vapor from the vapor-deposition material 
toward the film so that the metal vapor and a reactive gas ion are combined 
to form a metal compound film on a surface of the film. 

20 

(Page 2, right column, lines 23 — 40) 
[0007] 

[Problems to be solved by the invention] However, in the second method in 
25 which metal vapor is reacted with a reactive gas, since in a vacuum vessel, 
the reactive gas is at a low pressure and reacts with the metal vapor at a 
low speed, the following may happen. That is, with an increased amount of 
the metal vapor generated, a portion of the metal vapor is left unreacted, 
and thus a metal compound with metal in a mixed state is vapor-deposited 
30 on a film. This has led to the problem of the difficulty in enhancing the 
production efficiency of a vapor- deposition film. 

[0008] In another possible method, a reactive gas to be introduced into a 
vacuum vessel is ionized beforehand by discharge or electron beam 
irradiation so that reactive gas ions are generated, and the reactive gas ions 
35 are reacted with metal vapor. However, this method may lead to a 
comphcated configuration of an apparatus and a large increase in 
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eqixipment cost and thus is disadvantageous. 

[0009] With the foregoing in mind, it is an object of the present invention 
to enhance efficiency of a reaction between metal vapor and a reactive gas 
without a complicated configuration of an apparatus and improve the 
5 production efficiency of a vapor-deposition film. 

(Paffe 3, left column, line 30 — right column, line 35) 
10 [0014] 

[Examples]" FIG; l is a schematic diagram sho^^dng an example of the 
electron beam heating vapor-deposition apparatus according to the present 
invention. In the figure, reference numeral 1 denotes a vacuum vessel that 
is evacuated by a vacuum pump, which is not shown. A cylindrical cooUng 
15 drum 2 that is made firom metal or the like is arranged in a center of an 

inner portion of the vacuum vessel 1 and driven to rotate by a driving device 
that is not shown. 

[0015] Along film F is woimd around a portion of an outer peripheral 
surface of the coohng drum 2 toward a drum circumferential direction and 

20 run continuously between an uncoiler 3 and a re-coiler 4. A 

vapor-deposition material holding part 6 is arranged so as to be opposed to 
the film-woxmd portion of the coohng drum 2 and contains a metal 
vapor-deposition material 8 that constitutes a metal compound to be 
vapor-deposited. The vapor-deposition material 8 is not necessarily a 

25 single-element metal. The vapor-deposition material 8 may be an alloy or 
may be in the form in which a portion thereof has been turned into a 
compound. 

[0016] An electron beam generating mechanism (omitted in the figure) 
such as an electron gun or the like is arranged on one side of the 

30 vapor-deposition material holding part 6, and an electron beam 12 is 

generated firom the electron beam generating mechanism. The electron 
beam 12 is bent due to a magnetic field generated by a magnetic field 
generating mechanism 10 that is disposed on the other side of the 
vapor- deposition material holding part 6, and irradiated onto the 

35 vapor-deposition material 8. The vapor- deposition material 8 is heated by 
the electron beam 12, and vapor 14 of the vapor-deposition material 8 is 



3 



radiated toward the cooling drum 2. 

[0017] In the case of forming a vapor-deposition film having a large width, 
a scanning mechanism for the electron beam generating mechanism to scan 
in the width direction of the film F may be provided. Further, the position 
5 at which the electron beam generating mechanism is provided is not limited 
to the position in the figure and may be changed arbitrarily as long as the 
electron beam 12 can be bent appropriately due to a magnetic field and 
irradiated onto the vapor-deposition material 8. 

[0018] A separating wall 16 for regulating a vapor-deposition area is 

10 provided between the cooling drum 2 and the vapor-deposition material 

holding part 6. The separating wall 16 has a semi-cylindrical portion 16A 
for receiving the coohng drum 2, and a predetermined gap is formed 
between an inner peripheral surface of the semi-cylindrical portion 16A and 
an outer peripheral surface of the film-woimd portion of the cooling drum 2. 

15 In the semi-cylindrical portion 16A, a vapor passing opening 18 in the shape 
of a rectangle is formed at a position opposed to the vapor-deposition 
material holding part 6 toward the axis direction of the cooling drum 2. 
The vapor passing opening 18 has a length that is the same as a vapor 
deposition width of the film F. 

20 [0019] Furthermore, on the same side as the electron beam generating 
mechanism, a nozzle 20 of a gas introducing mechanism (omitted in the 
figure) is arranged, and a reactive gas is introduced from the nozzle 20 into 
the vacuum vessel 1. The nozzle 20 may have a configuration that allows a 
gas to spout into a swath of area having a width almost equal to the 

25 vapor-deposition width of the film F. Alternatively, the nozzle 20 may have 
a configuration including a plurality of spouts that are provided in a row in 
the width direction of the film F, in which a gas is spouted from these spouts 
in unison. As the reactive gas, one or more types of gas selected from the 
group consisting of- Ar, Ne, Kr, Xe, He, H2, N2, O2, and F2 can be used. 

30 [0020] A reactive gas 22 released from the nozzle 20 travels on a path that 
is set so that it first crosses a path on which the electron beam 12 travels 
and then crosses a flow path of the metal vapor 14 released from the 
vapor- deposition material 8 (see FIG. 2). By setting the path of the 
reactive gas 22 as described above, at least a portion of the reactive gas 22 is 

35 ionized by the electron beam 12 and comes in contact with the metal vapor 
14 to be combined with the metal vapor 14. 
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(Page 4, left column, lines 1 ^ 16) 

5 [0023] Then, the reactive gas 22 spouted from the nozzle 20 first comes in 
contact with the electron beam 12 to be ionized and is turned into a gas flow 
containing reactive gas ions. Further, the gas flow comes in contact with 
the metal vapor 14 released radially from the vapor- deposition material 8. 
The reactive gas ions have high activity and excellent reactivity and thus 

10 are combined immediately with the metal vapor 14 being in contact 

therewith. The metal vapor 14 is turned into vapor of a metal compound 
and vapor-deposited on the film F. 

[0024] As discussed above, according to the above-described electron beam 
heating vapor-deposition apparatus and method, a reactive gas spouted 

15 firom a nozzle is first allowed to come in contact with the electron beam 12 
for heating a vapor-deposition material so that reactive gas ions having high 
activity are generated, and the reactive gas ions are allowed to come in 
contact with the metal vapor 14. Thus, even when the reactive gas 22 is 
introduced at a low pressure, high efficiency of a reaction between the metal 

20 vapor 14 and a reactive gas can be attained, a uniform metal compound film 
can be formed, and the efficiency of treating the film F can be improved. 

(Page 5, left column, lines 6 — 15) 

25 

[0034] 

[Effects of the invention] As discussed in the foregoing description, 
according to the electron beam heating vapor-deposition apparatus and 
vapor-deposition method of the present invention, a reactive gas spouted 

30 from a nozzle is first allowed to come in contact with an electron beam for 
heating a vapor-deposition material so that reactive gas ions having high 
activity are generated, and the reactive gas ions are allowed to come in 
contact with metal vapor. Thus, even when a reactive gas is supphed at a 
low pressure, the reaction efficiency of metal vapor is enhanced sufficientiy, 

35 a uniform metal compound film can be formed, and the efficiency of treating 
a film can be improved. 
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